(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 






(11) 



EP1 172 117 A2 



(12 
(43 



(21 
(22 



EUROPEAN PATENT APPLICATION 



Date of publication: 

1 6.01 .2002 Bulletin 2002/03 

Application number: 01121554.8 

Date of filing: 07.10.1996 



(51) lntCl7: A61L2/26 



(84 



(30 
(62 



(71 



(72 



Designated Contracting States: 
DE ES FR QB IT 

Priority: 06.10.1995 EP 95202692 

Document number(s) of the earlier appiicatlon(s) In 
accordance with Art. 76 EPC: 
96937663.1 / 0 854 733 

Applicant: MINNESOTA MINING AND 

MANUFACTURING COMPANY 

St. Paul, Minnesota 55133-3427 (US) 

Inventors: 
Kuepper, Anton 
41564 Kaarst (DE) 



• Kirk, Brian 
Derbyshire DE74 2XJ (GB) 

(74) Representative: 

Aleandri-Hachgenel, Lorraine E. et al 
3M Deutschland GmbH, Office of Intellectual 
Property Counsel, Carl-Schurz-Strasse 1 
41453 Neuss (DE) 

Remarks: 

This application was filed on 10 - 09 - 2001 as a 
divisional application to the application mentioned 
under INID code 62. 



CM 
< 



CM 



(54) Sterilizer testing systems 

(57) A sterilant challenge device 50, for use in test- 
ing the efficiency of the air removal stage of a steriliza- 
tion cycle in a sterilizer, Includes a tube 2 of thennally- 
Insulatlng material, the bore of which is closed at one 
end 52 and open at the other for the entry of sterilant. A 
plurality of thennally-conductive masses 51 are located 
around the tube 2 and themially-separated from one an- 
other by air gaps 59, and a temperature sensor Is locat- 
ed in an opening 61 in one of the masses adjacent the 
closed end of the tube. An outer casing 25 defines an 
airspace around the thennalty-conductive masses and 
themially-insulates the masses from the heat in the ster- 
ilizer. When the challenge device is located in a steriliz- 
er, the penetration of sterilant along the bore of the tube 
2 during a sterilization cycle, is Inhibited by the accumu- 
lation of air and/or non-condensable gas within the bore 
resulting from the condensation of moisture on the walls 
of the bore. By measuring the temperature in a thennal- 
ly-conductive mass 51 adjacent the closed end of the 
tube 2, the presence of sterilant in the adjacent region 
of the bore of the tube can be detected. 
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Description 

[0001] The present invention relates to systems and 
methods for detenmining the efficacy of sterilization cy- 
cles in sterilizers. 

[0002] A sterilization process used to sterilize medical 
and hospital equipment is only effective if a certain com- 
bination of environmental conditions is achieved within 
the sterilization chamber of the sterilizer. For example, 
when steam is used as a sterilant, the object of the ster- 
ilization process is to bring steam of a suitable quality, 
and at an appropriate temperature into contact with all 
surfaces of the articles being sterilized for a con-ect 
length of time 

[0003] In some steam sterilizers the process of steri- 
lization is typically conducted in three main phases. In 
the first phase, air trapped within the load being proc- 
essed is removed. The second phase is a sterilizing 
stage, in which the load is subjected to steam under 
pressure for a recognised combination of time and tem- 
perature, which is known to effect stenllzatlon. The third 
phase is a drying phase in which condensate formed 
during the first two phases Is removed by evacuating the 
chamber. 

[0004] Air removal from the sterilization chamber may 
be achieved in a number of ways. For example, in a 
gravity steam sterilizer, the principle of gravity displace- 
ment is utilized, in which steam entering at the top of the 
chamber displaces the air through a valve in the base 
of the chamber. In a prevacuum steam sterilizer, on the 
other hand, air is removed forcibly by deep evacuation 
of the chamber or by a combination of evacuation and 
steam injection at either subatmospheric and/or super- 
atmospheric pressures. 

[0005] Any air which is not removed from the sterili- 
zation chamber during the air removal phase of the cycle 
or which leaks into the chamber during a subatmospher- 
ic pressure stage due to faulty gaskets, valves or seats, 
may form air pockets within the load that is being steri- 
lized. Likewise, any non-condensable gases (which, In 
this context, means gases having a boiling point below 
that of the sterilant) that are present in the sterilization 
chamber or are carried within steam supplied to the 
chamber may fonii gas pockets within the load. These 
air or gas pockets will create a barrier to steam pene- 
tration, thereby preventing adequate sterilizing condi- 
tions being achieved for all surfaces of the load. This is 
particularly true when porous materials such as hospital 
linens or fabrics are being sterilized since the air or gas 
pockets prohibit the steam from penetrating to the inte- 
rior layers of such materials. As a result, sterilization 
may not occur. Therefore, there is a need to be able to 
determine the efficacy of sterilization cycles and in par- 
ticular, to detemriine whether there has been sufficient 
steam penetration. Similarly, when a sterilant other than 
steam is used, there is a need to be able to determine 
that the sterilant has penetrated a load sufficiently for 
sterilization to take place. 



[0006] One commonly-used procedure for evaluating 
the effectiveness of air removal during the air removal 
phase of a porous load steam sterilization cycle and/or 
for testing for the presence of non^ondensable gases 

5 is known as the Bowie-Dick test. The typical Bowie-Dk;k 
test pack essentially consists of a stack of freshly laun- 
dered towels folded to a specific size, with a chemical 
indicator sheet placed in the centre of the pack. Chem- 
ical indicator test sheets undergo a visible change from 

10 one distinct colour to another, for example, from an initial 
white to a final black colour, upon exposure to the ster- 
ilization process. If the air removal within the sterilizer 
is insufficient, or if non-condensable gases are present 
during the process in sufficient quantity, an air/gas pock- 
et will iom in the centre of the pack thereby preventing 
steam from contacting the steam sensitive chemical in- 
dicator sheet. The consequence of inadequate steam 
penetration is a non-unlfomri colour development across 
the surface of the chemical indicator test sheet: thus, 

20 the presence of the air/gas pocket will be recorded by 
the failure of the indicator to undergo the complete or 
uniform colour change indicative of adequate steam 
penetration, 

[0007] Biological indicators can also be used to pro- 

25 vide information on the adequacy of a sterilization cycle. 
Biological indk:ator test systems typically employ living 
spores which are subjected to a sterilization cycle. After 
the cycle, the spores are incubated and the system de- 
tects if there is any growth. If there is no growth, it indi- 

30 cates that the sterilization process has been effective. 
Thus, biological indicators can detemiine whether con- 
ditions for sterilization were present, but the length of 
time to obtain results due to the incubation period is of- 
ten at least 24 hours. Therefore, biological indicator sys- 

3S terns are often used in conjunction with chemical indi- 
cators because the colour change of the chemical indlc- 
tors provides an Instant result. Further, by using both 
chemical and biological indicators, information on both 
the adequacy of the air removal stage and the steriliza- 

40 tion stage is provided. 

[0008] Parametric monitoring has also been used to 
either monitor or control a sterilization cycle to ensure 
proper sterilization conditions are attained. For exam- 
ple, in U.S. Patent No. 4,865,814 to Childress, an auto- 

45 matk: sterilizer Is disclosed which Includes a microproc- 
essor which monitors both the temperature and pres- 
sure levels inside the sterilization chamber and controls 
a heater to allow both pressure and temperature to 
reach predetemfiined levels before starting a timer. 

so Once the timer is started. It is stopped if the pressure or 
temperature levels drop below a predetemnined mini- 
mum. Since it is known that the pressure and tempera- 
ture variables of saturated steam are dependent varia- 
bles when saturated steam is enclosed in a sealed 

55 chamber, monitoring of these two variables can ensure 
that proper conditions are maintained during the sterili- 
zation cycle. 

[0009] Although it is desirable to monitor environmen- 
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tal conditions within the sterilization channber itself, it is 
generally considered more desirable to be able to mon- 
itor the environmental conditions within an actual load 
being sterilized or within a test pacic (such as the Bowie- 
Dick test pacl() that represents such a load. Although 
the typical Bowie-Dick test pack is generally recognized 
as adequate for use in determining the efficacy of the 
air removal stage of prevacuum sterilizers, it still 
presents many disadvantages. Since the test pack is not 
preassembled, it must be constructed every time the 
procedure is used to monitor sterilizer performance. The 
preparation, assembly and use of the towel pack is time 
consuming and cumbersome and, moreover, varying 
factors, such as laundering, prehumidification, towel 
thickness and wear, and the number of towels used, al- 
ter the test results. Therefore, alternative Bowie-Dick 
test packs have been developed to overcome these lim- 
itations. 

[0010] An example of an alternative Bowie-Dick test 
pack for steam or gas sterilizers is described in EP-A- 
041 9282. That test pack includes a container having top 
and bottom walls with a porous packing material dis- 
posed within the container. The packing material chal- 
lenges the penetration of the sterilant by providing a re- 
stricted pathway which acts to impede the flow of the 
sterilant through the test pack. A removable lid seals the 
bottom end of the container, while a hole in the top wall 
of the container allows for the downward Ingress of 
steam Into the packing material within the container. The 
test pack includes a chemical indicator for detecting 
sterilant penetration. If sterilant successfully penetrates 
the packing material of the test pack, the chemical indi- 
cator sheet will undergo a complete colour change. If 
the sterilant does not sufficiently penetrate the packing 
material, the chemical indicator will not undergo a com- 
plete unifomi colour change, thereby Indicating inade- 
quate air removal or the presence of non-condensable 
gas, or in other words, a Bowie-Dick test failure. 
[001 1 ] Other test packs for use in steam or gas steri- 
lizers are described in EP-A-0 421 760; US-A-5 066 464; 
WO 93/21964 and US-A-5 270 217. In each of those 
test packs, sterilant from the sterilization chamber must 
cross some form of physical barrier before it reaches a 
sterilant sensor within the test pack. WO 93/21 964, for 
example, describes a test unit comprising a test cavity 
having an opening at one end to pemnit entrance of am- 
bient gases, a temperature sensor at the other end and 
a heat sink (for example gauze, felt, open-celled poly- 
mer foam) between the temperature sensor and the 
opening. 

[001 2] US-A-4 594 223 describes various devices for 
indicating the presence of non-condensable gas in a 
sterilization chamber. In one version, a heat and humid- 
ity sensor is located at the lower end of an elongate cav- 
ity whteh is open at the upper end. Heat sink material in 
the fomn of fibrous Insulating material Is located within 
the cavity between the opening and the sensor. In an- 
other version, the path between the opening and the 



sensor is through a heat sink block in the form of a mass 
of aluminium surrounded by insulation, rather than 
through fibrous heat sink material. 
[001 3] US-A-4 11 5 068 describes an air indicating de- 

5 vtee for use in sterilizers, comprising an upright tube 
which is open at its bottom end and closed at its top end. 
The tube is made of heat insulating material lined on its 
interior surface with a heat conducting material. A ther- 
mal indicator strip extends axially into the tube. 

10 [0014] Another known arrangement for challenging 
the penetration of sterilant to a particular location within 
a test pack comprises a very long (typically, 1 .5m) stain- 
less steel tube with a narrow bore (typically, 2.0 mm) 
which provides the only access for sterilant to the pre- 

15 determined location. 

[0015] The problem with which the present invention 
is concerned is that of providing, for sterilizer testing 
systems, a sterilant challenge device which Is of com- 
paratively simple constmction but which will function re- 

20 liably to enable ineffective sterilization cycles to be iden- 
tified. 

[001 6] The present Invention provides a sterilant chal- 
lenging device for use in a sterilizer for determining the 
efficiency of the air removal stage of a sterilization cycle, 

25 the device comprisi ng a chamber def ini ng a free space; 
an opening for the entry of sterilant to the free space; a 
heat sink portion which, when the device is in use in a 
sterilizer, receives heat preferentially from the free 
space; and means for mounting a sensor to detect the 

30 presence of sterilant at a predetermined location within 
the free space remote from the said opening, the wails 
of the chamber comprising a thermally insulating mate- 
rial which impedes the transmission of heat from within 
the sterilizer to the free space through the waits of the 

35 chamber whereby the penetration of sterilant from the 
said opening to the said predetermined location during 
a sterilization cycle is inhibited by the accumulation of 
air and/or non-condensable gas within the free space 
resulting from the condensation of moisture on the walls 

40 of the chamber, 

[0017] The device may be provided with a sensor for 
detecting the presence of sterilant at the predetemiined 
location. The sensor may comprise a temperature sen- 
sor for detecting the temperature at the predetemiined 

45 location. Alternatively, or in addition, the sensor may 
comprise a humidity sensor for detecting the presence 
of moisture at the predetemiined location. Alternatively, 
or in addition, the sensor may comprise a biological/ 
chemical sensor for detecting the presence of sterilant 

50 at the predetermined location. 

[001 8] The heat sink portion may be sun^ounded by a 
thermally-insulating portion whereby, during a steriliza- 
tion cycle, the heat sink portion will receive heat prefer- 
entially from the free space. 

55 [0019] The chamber may comprise a passageway 
which is closed at one end, the predetermined location 
being towards the dosed end of the passageway, and 
the opening for the entry of sterilant being at the other 
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end of the passageway. The passageway may be the 
bore in a tube of thermally-insulating material and the 
heat sink portion may comprise a plurality of themialty- 
conductive masses located around the tube along the 
length of the latter, the masses being themially-separat- 
ed from each other. Alternatively, the passageway may 
be fomned in a mass of themnally-insulating material; in 
that case, an inner part of the mass of thermally-insu- 
lating material fonns the heat sink portion of the device 
and an outer part functions as a thermally-Insulating por- 
tion whereby, during a sterilization cycle, the heat sink 
portion will receive heat preferentially from the free 
space. 

[0020] Altemativety, the passageway may comprise a 
plurality of interconnecting compartments. In the latter 
case, the compartments may be linearly-arranged, the 
opening for the entry of sterilant being in the compart- 
ment at one end of the linear arrangement, and the pre- 
detemnined location being in the compartment at the 
other end of the linear an^angement. Alternatively, the 
compartments may be arranged so that one, at least, of 
the compartments is surrounded by others, the opening 
for the entry of sterilant being in a compartment at the 
periphery of the arrangement, and the predetermined 
location being in a compartment at the centre of the ar- 
rangement, A heat sink portion of the device may com- 
prise heat sink masses within the compartments. 
[0021 ] The present invention also provides a sterilant 
challenge device for use in a sterilizer for determining 
the efficiency of the air removal stage of a sterilization 
cycle, the device comprising a tube of thenmally-insulat- 
ing material, the bore of the tube defining a free space 
which is open at one end for the entry of sterilant and is 
closed at the other end; a plurality of thennally-conduc- 
tive masses located around the tube, along the length 
of the latter, the masses being themrially-separated from 
one another, and themrial insulation surrounding the 
tube and themially-conductive masses whereby the 
penetration of sterilant along the bore of the tube during 
a sterilization cycle is inhibited through the accumulation 
of air and/or non-condensable gas within the free space 
resulting from the condensation of moisture on the walls 
of the bore, the device also comprising means for 
mounting a sensor to detect the presence of sterilant at, 
or adjacent, the closed end of the tube. The device may 
be used in combination with a second temperature sen- 
sor positioned to detect the temperature in a sterilization 
chamber in which the device is located. 
[0022] By way of example only, embodiments of the 
invention will now be described with reference to the ac- 
companying drawings, in which: 

Fig. 1 is a perspective view of a sterilant challenge 
device In accordance with the invention; 
Fig. 2 shows a longitudinal cross-section of the de- 
vice of Fig. 1; 

Figs, 3 to 6 show diagrammatic cross-sections of 
other challenge devices in accordance with the in- 



vention; 

Figs. 7 to 9 show diagrammatic cross-sections of 
test packs which incorporate challenge devices in 
accordance with the invention; 
5 Fig. 1 0 is a perspective view, partly cut away, of an- 
other sterilant challenge device in accordance with 
the invention; 

Fig. 11 is a perspective view, partly exploded, of a 
component of the device of Fig. 10; and 
10 Fig. 12 is a view similar to Fig. 11 but partly in cross- 
section. 

[0023] Figs. 1 and 2 show a sterilant challenge device 

1 suitable for use in a system for testing the efficacy of 
f5 a sterilization cycle in a steam sterilizer or In a low tem- 
perature gas sterilizer in which sterilization is carried out 
using a microbiocidal agent in the presence of moisture. 
The device 1 is intended to be located in the sterilization 
chamber of the sterilizer to provide a challenge path 

20 along which sterilant (for example, steam) from within 
the chamber must pass before It can be detected by a 
sensor at a predetermined location within the device. If 
the presence of sterilant at the predetemnined location 
is not detected by the sensor during a sterilization cycle 

25 (indicating that the conditions within the sterilization 
chamber have not enabled sterilant to penetrate the 
challenge path), the sterilization cycle is judged to be 
ineffective. The challenge device 1 is generally cylindri- 
cal and comprises a tube 2, with a bore 3 of generally 

30 constant cross-section, which is closed at one end 4 and 
open at the other end 5. The wall 6 of the tube 2, which 
is comparatively thick, is fonned of a thermally-insulat- 
ing material and has a comparatively high heat capacity. 
A sterilant sensor 7 of any suitable type is located at the 

^ closed end 4 of the tube. 

[0024] In use, the challenge device 1 is located in the 
sterilization chamber of a sterilizer with the bore 3 con- 
nected, through the open end 5, to the environment with- 
in the sterilization chamber. The device is used in the 

40 orientation shown in the drawings. I.e. with the open end 
5 of the bore 3 directed downwards, so that any conden- 
sate which fonns within the bore can drain away. De- 
pending on the themnal properties of the tube 2, it has 
been found that a pocket of air or non-condensable gas 

45 will tend to remain at the closed end 4 of the bore 3 dur- 
ing an inadequate sterilization cycle and will inhibit the 
entry of sterilant. Accordingly, by appropriate selection 
of the thermal properties of the tube, it can be arranged 
that sterilant will not penetrate to that end of the bore 

50 when the environmental conditions in the sterilization 
chamber do not satisfy the requirements for effective 
sterilization. Detection of sterilant by the sensor 7 is then 
an indication that a sterilization cycle has been effective 
while non-detection is an indication that a sterilization 

55 cycle has failed to meet requirements. 

[0025] In general, the thennal properties of the tube 

2 should be such that heat and moisture from the steri- 
lization chamber will pass to the sensor 7 through the 
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bore 3 rather than through the walls 6 of the tube (with 
the result. In the case of a steam sterilizer, that steam 
which passes Into the bore 3 will tend to condense on 
the walls of the bore and not penetrate immediately to 
the sensor). In the case of the device shown in Fig. 1 , It 
will be noted that the inner surface of the wall 6 of the 
bore 3 comprises, like the rest of the device, a thermally 
insulating material. Moreover, if the wall of the bore is 
sufficiently thick, the inner part of the mass of themnally- 
Insulatlng material will function as a heat sink portion 
which, in use, will receive heat preferentially from the 
bore 3 because It is surrounded by an outer part of the 
themnally-insulating material which impedes the transfer 
of heat from the sterilizer across the wall of the bore In 
a transverse direction. 

[0026] It will be noted that the device 1 does not re- 
quire the presence of any fomri of packing material, or 
other physical barrier, within the bore 3 to inhibit the pen- 
etration of sterilant to the sensor 7. The tube is also com- 
paratively short (typically, with a bore length of less than 
30 cm, preferably less than 20 cm, and most preferably 
less than 10 cm) and, accordingly, does not rely on 
length to impede the penetration of sterilant to the sen- 
sor 7. Indeed, it has been found that a device with a bore 
length of 7.5 cm can provide an Indication of the efficacy 
of a sterilization cycle. The bore 3 functions as an en- 
closed chamber defining a free space which separates 
the sensor 7 from the opening 5 and, as described 
above, It is the thenmal properties of the surrounding 
walls 6 that cause the penetration of sterilant into the 
chamber to be inhibited and thus allow the device 1 to 
be used to indicate the efficacy of a sterilization cycle. 
[0027] Suitable materials for the walls 6 of the tube 2 
include polysulphone, potyphenylsulphone, poly- 
tetrafluorethylene and polyetheretherketone. In gener- 
al, It is believed that materials for which the ratio of ther- 
mal capacity to themnal conductivity is within the range 
of from 1 X 10^ to 12 X 10^ sec/m^ (more particulariy 
from 4 X 1 0^ to 11 X 1 0^ sec/m^ are most suitable for the 
tube. 

[0028] The outer diameter of the tube 2 is detennined 
by the thickness of the walls 6 and the diameter of the 
bore 3, and is advantageously as small as possible con- 
sistent with the tube having the required thermal prop- 
erties. The diameter of the bore 3 Is also, advantageous- 
ly, as small as possible but not so small that It can be 
blocked by condensate which forms within the bore dur- 
ing a sterilization cycle. It has been found that an indi- 
cation of the effk^acy of a sterilization cycle can be ob- 
tained with devices in which the outer diameter of the 
tube 2 Is 5 cm or less and in which the diameter of the 
bore 3 is 0.9 cm or less (preferably 0.6 cm). 
[0029] In some circumstances, it may be appropriate 
for the bore 3 to include means such as baffles for mod- 
ifying the flow of air in the bore, for example to reduce 
turbulence. Any such means should be selected to en- 
sure that the free space separating the sensor 7 from 
the bore opening 5 is retained and is not so constricted 



that it could be blocked by condensate during a sterili- 
zation cycle. 

[0030] The sensor 7 may be a chemical indicator 
which changes colour In the presence of sterilant; or a 

s biological indicator; or a sensor whteh detects an envi- 
ronmental parameter (for example, temperature or hu- 
midity). If required, several sensors could be employed. 
For example, a chemical indicator could be used in com- 
bination with a biological indicator, or sensors could be 

10 used to detect several environmental parameters (e. g. 
temperature, humidity and pressure ). 
[0031] Fig. 7 illustrates one use of a challenge device 
of the type shown in Figs. 1 and 2. Fig. 7 shows a cross- 
sectional view of a self-contained electronic test pack 

15 10 which can be placed In a sterilization chamber to de- 
termine the efficacy of a sterilization cycle. As described 
below, the test pack 10 functions, during a sterilization 
cycle, to measure the temperature at two locations, one 
being within the challenge device 1 and the other being 

20 at a reference point within the sterilization chamber it- 
self. Those temperature measurements are then used 
to detemiine whether or not the sterilization cycle, in par- 
ticular the air removal phase of the cycle, was effective 
(i.e. met certain prescribed requirements). 

25 [0032] In the test pack shown In Fig. 7, the end wall 4 
of the test pack 1 is hollowed-out to fomn a housing 11 
which contains the electronic components of the test 
unit. Those components will be described below. The 
electronics housing 11 has a removable end cap 1 2 and 

30 is positioned within an outer housing 13 to which It se- 
cured, for example by screws. When secured, the outer 
housing 1 3 holds the end cap 1 2 to the electronics hous- 
ing 11 so that the latter is sealed. Outer housing 13 is 
constructed of a structurally rigid material, such that 

35 when stressed, it returns to Its original shape. For ex- 
ample, any type of metal, as well as glass fiber or carbon 
fiber reinforced plastic with softening temperatures 
higher than 150*^C can be used for outer housing 13. 
[0033] The components housed inside electronk:s 

40 housing 11 may be protected from the extreme heat 
within the sterilization chamber by a vacuum within the 
housing. To that end, electronics housing 11 includes 
one-way valve 14 which opens when the pressure ex- 
ternal to the housing 1 1 fails below a predetermined val- 

^5 ue. Then, when a vacuum Is pulled within a sterilization 
chamber with test pack 1 0 placed inside, valve 1 4 opens 
to allow a vacuum also to be pulled within electronics 
housing 11. 

[0034] Electronrcs housing 11 contains the sensor 7 
50 of the challenge device 1 , (in this case, a temperature 
sensor), together with a second temperature sensor 15. 
Temperature sensors 7 and 1 5 may be any suitable type 
of temperature transducer, for example, thenmocouples 
or thermistors. Temperature sensor 7 as already de- 
55 scribed, is positioned such that it measures the temper- 
ature at the end of the bore 3 of the challenge device 1 . 
Temperature sensor 15, on the other hand, measures 
the external temperature. Thus, when electronic test- 
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pack 1 0 is placed within a sterilization chamber, temper- 
ature sensor 15 measures the chamber temperature. 
[0035] Housing 11 also contains a circuit board 16, 
mounted so that it is thennrially isolated from the walls of 
the housing to prevent conduction of external heat to the 
electronics mounted on the board, which include a mi- 
croprocessor and a memory, preferably an electrically 
erasable programmable read-only memory (EEPROM). 
Surface mounted chips 17, batteries 18, the tempera- 
ture sensors 7 and 15, a light emitting diode 19 and a 
pressure sensor 20 are all electrically connected to cir- 
cuit board 1 6. 

[0036] As temperature sensors 7 and 15 measure 
temperatures, the temperature readings are stored in 
the test pack memory together with time data from the 
microprocessor. Once the microprocessor determines 
that a sterilization cycle is complete, It then detennines 
(from the stored temperature readings) whether the 
sterilization cycle is satisfactory, in other words, that the 
sterilant has adequately penetrated the length of the 
bore 3 in the challenge device. 
[0037] If the microprocessor determines that the ster- 
ilization cycle was satisfactory, light emitting diode 
(LED) 1 9 emits light. In acompletely self-contained elec- 
tronic test pack, only a single LED is necessary to indi- 
cate whether the cycle has passed. With a single LED, 
the LED may continuously burn to indicate a pass cycle 
and may flash to indicate a fail cycle. Alternatively, two 
LEDs may be used, to Indteate a pass cycle and fail cy- 
cle respectively. If the sterilization cycle has passed, one 
LED emits a green light. If the microprocessor deter- 
mines that the sterilization cycle has failed, the other 
LED emits a red light. 

[0038] In some situations, it is desirable to transfer the 
data stored in the memory of the unit to an outside proc- 
essor or memory or a printer. Data transfer may be ini- 
tiated by actuating a magnetically actuated switch (not 
shown), preferably a reed switch. 
[0039] The manner in which the test pack 10 deter- 
mines the efficiency of a sterilization cycle is, briefly, as 
follows. As already described with reference to Figure 
1 , the themial properties of the challenge device 1 are 
such that, during the air removal phase of a sterilization 
cycle, an air pocket will tend to remain at the inner 
(closed) end of the bore 3. Similarly, non-condensable 
gases carried by the steam will also tend to remain at 
the inner end of the bore 3. The size of the air/gas pocket 
is indicative of the efficiency of the sterilization cycle, 
being larger when the air removal phase of the cycle is 
less adequate. The air/gas pocket prevents the sensor 
7 from being exposed to the full effects of sterilant, thus 
giving rise to a difference between the temperature at 
the sensor 7 and the temperature at the sensor 15. The 
test pack 10 determines if that temperature difference 
exceeds a predetermined value at a predetermined 
point within the sterilization cycle and, if so, the cycle is 
judged to be unsatisfactory. This predetermined temper- 
ature difference is determined by validation experiments 



in which the performance of the electronic test pack is 
compared with that of a standard Bowie-Dick textile test 
pack according to recognized International, European 
or National standards. For example, the test pack could 

5 be pre-programmed so that, if the temperature differ- 
ence is greater than 2^C In a 2 minute and 40 seconds 
period after the chamber temperature reaches a sterili- 
zation hold temperature of 134*C, the cycle is consid- 
ered unsatisfactory. Further, the chamber temperature 

10 must remain above an adequate sterilization tempera- 
ture for sterilization to occur. 

[0040] While the examination of the temperature dif- 
ference between the external and internal temperature 
(as just described) provides direct infomriation on the 

IS penetration of heat to the sensor 8 located within the 
challenge device 1 , it does not directly reflect penetra- 
tion of sterilant to the sensor. By inference, rapid equi- 
librium between the sensing point within the challenge 
device and the sterilization chamber indicates the ab- 

20 sence of an insulating air/gas pocket. In the case of a 
steam sterilizer, it is possible, however, to measure di- 
rectly the moisture penetration to the sensing point with- 
in the challenge device. To that end, a moisture sensor, 
such as a conductivity sensor or a relative humidity sen- 

25 sor, can be used instead of or in addition to, the temper- 
ature sensor 8 to determine adequate moisture pene- 
tration to the sensing point within the challenge device 
and therefore, by inference, steam. The temperature 
sensor 15 measuring the sterilization chamber temper- 

30 ature remains the same. 

[0041] Fig. 3 shows an alternative fonm of challenge 
device, similar to that shown in Figs. 1 and 2 except that 
the cross-section of the bore 3 decreases towards the 
sensor 7. 

35 [0042] Fig. 4 shows a challenge device 24 in which 
the wall 6 of the bore 3, (although still fonned from a 
thermally-insulating material) is thinner than in Figs. 1 
and 2, with additional thermal insulation being provided 
by airtrapped between the wall 6 and a surrounding out- 

40 er casing 25. The outer casing 25 need not be formed 
from a themially-insulating material and could, for ex- 
ample, be metal. The outer casing 25 is fonned in two 
parts, one of which (21) is secured and sealed to a 
flange 22 around the mouth of the bore 3. The second 

45 part 23 of the casing 20 Is an end cap and is screwed 
to the first part so that it can be removed to give access 
to the sensor 7 at the closed end of the bore 3. The in- 
terface between the two parts 21 , 23 of the casing 20 is 
also sealed. 

50 [0043] in the challenge device shown in Fig. 4, the 
space 26 between the wall 6 and the outer casing 20 
may contain some form of thennally-insulating filler ma- 
terial, for example a thennally-insulating foamed mate- 
rial or glass wool. Alternatively, the space may be evac- 

55 uated. 

[0044] The construction illustrated in Fig. 4 enables a 
combination of different materials to be used and makes 
it possible to provide a challenge device which has the 



6 



11 



EP1 172 117 A2 



12 



same thermal properties as the device shown in Fig. 1 
but with smaller outer dimensions. In this construction, 
the wall 6 of the bore constitutes a heat sink portion of 
the device which, by virtue of the surrounding air space 
26, will receive heat preferentially from the bore 3 when 
the device is located in a sterilizer. 
[0045] Figs. 8 and 9 illustrate uses of a challenge de- 
vice of the type shown in Fig. 4. Fig. 8 illustrates a test 
pack 30 which is formed by providing the challenge de- 
vice 24 of Fig. 4 with a cap 31 which supports a biological 
indicator 32 so that when the cap 31 is fitted on the chal- 
lenge device, over the open end of the bore 3, the indi- 
cator 32 Is positioned at the closed end of the bore. The 
indcator 32 may be any suitable bioiogbal indicator, for 
example an indicator available under the trade designa- 
tion "ATTEST from Minnesota l\/lining and Manufactur- 
ing Company of St. Paul, Minnesota, U.S.A.. The cap 
31 has apertures 33 which allow sterilant to enter the 
bore 3 from outside the test pack 30. 
[0046] The test pack 30 is intended to be placed In a 
sterilization chamber at the beginning of a sterilization 
cycle and to be removed when the cycle has been com- 
pleted. The indicator 32 is then removed from the chal- 
lenge device and subjected to the prescribed treatment 
to enable it to show whether or not the sterilization cycle 
was effective. The challenge device can, of course, then 
be fitted with a replacement indicator 32 and re-used. 
[0047] Fig. 9 illustrates a test pack 35 which is similar 
to that shown in Fig. 8 except that it is provided with a 
chemical, rather than a biological, indicator. The chem- 
ical indicator is shown in the form of a strip 36 (compris- 
ing a substrate carrying a sterilant-sensitive ink) which 
extends along the length of the bore 3. A suitable chem- 
ical indicator is available under the trade designation 
"Comply 1250" from Minnesota Mining and Manufactur- 
ing Company of St. Paul, Minnesota, U.S.A.. 
[0048] The test pack 35 is also Intended to be placed 
in a sterilization chamber at the beginning of a steriliza- 
tion cycle and to be removed when the cycle has been 
completed. The indicator strip 36 is then removed from 
the challenge device and an examination of the colour 
change that has occurred along the length of the strip 
will immediately show how far sterilant has penetrated 
along the bore 3, and whether or not the sterilization cy- 
cle was effective. The challenge device can, of course, 
then be fitted with a replacement indicator strip 36 and 
re-used. 

[0049] Fig. 5 shows another challenge device, similar 
to that shown in Fig 4 but incorporating a plurality of sen- 
sors rather than just a single sensor. Fig. 5 shows four 
sensors 40, but any appropriate number could be used. 
The sensors 40 are located at different points along the 
length of the bore 3, with one being at the closed end of 
the bore and corresponding to the sensor 7 In Fig. 2. 
The parameters detected by the sensors 40 during a 
sterilization cycle will indicate how far sterilant has pen- 
etrated along the bore 3 of the challenge device at var- 
ious times during the cycle and, in addition to Indicating 



whether or not the sterilization cycle has been effective, 
can provide a record of sterilizer operation. 
[0050] In each of the challenge devices shown in Figs. 
1 to 5| the walls of the bore 3 are straight and uninter- 

5 rupted but that is not essential. The bore 3 could, for 
example, follow a helical path provided that adjacent 
turns In the path are thermally insulated from each other 
Such an arrangement would enable the overall length 
of the challenge device to be reduced. As another alter- 

fo native, a series of constrictions could be fomned along 
the bore provided that none of those constrictions could 
be blocked by condensate during a sterilization cycle, 
and provided that they would not eliminate the free 
space separating the sensor 7 from the bore opening 

15 5.. An example of a challenge device of that type Is il- 
lustrated in Fig. 6. The challenge device 45 shown in 
Fig. 6 is generally similar to that shown in Fig. 4 except 
for several apertured walls 46 at points along the length 
of the bore 3, which effectively divide the bore into a se- 

20 ries of communrcating compartments 47. The compart- 
ment at one end of the bore 3 Incorporates the opening 
5 through which sterilant can enter the challenge device, 
and the compartment at the other end of the bore 3 in- 
corporates the sensor 7. Additional temperature sen- 

25 sors could be provided, either in that same compartment 
or in one or more of the other compartments 47, as re- 
quired. The challenge device shown in Fig. 6 will func- 
tion in a similar manner to those shown in Figs. 1 to 5 
but will offer different operating characteristics. 

30 [0051] As an alternative to the linear an^angement of 
compartments 47 shown in Fig. 6, the compartments 
could be an'anged one inside another, with the opening 
5 for sterilant being located in a compartment on the out- 
side of the arrangement and the sensor 7 being located 

3S in a compartment at the centre of the arrangement. Each 
compartment should be thermally-insulated individually 
so that the transfer of heat from the opening 5 to the 
sensor 7 takes place through the free space in the com- 
partments rather than through the walls of the compart- 

40 ments. 

[0052] In each of the challenge devices shown in Figs 
1 to 6, the required thermal properties of the internal 
bore or chamber 3 are provided by walls of a single in- 
sulating material. It would, however, be possible to pro- 

^ vide equivalent themnal properties with walls of compos- 
ite construction, which may include thermally-conduc- 
tive materials as well as themrially-insulating materials. 
For example, a challenge device of the type shown in 
Figs. 1 and 2 could have one or more portions formed 

50 from a material having a relatively high themnal conduc- 
tivity in combination with the thermally-insulating mate- 
rial to provide the required thermal properties. When 
material having a relatively- high thennal conductivity is 
present, care should be taken to ensure that it does not 

S5 result In any substantial increase In heat transfer in the 
longitudinal direction along the walls of the bore 3. Al- 
ternatively, in the case of a challenge device of the type 
shown in Fig. 6, it may be possible to achieve the re- 
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quired thermal properties through the use of a thermally- 
Insulating material for the walls of the compartments 47 
In combination with heat sinks (high thenmal capacity 
masses) within the compartments, provided that the free 
space separating the sensor 7 from the bore opening 5 s 
is retained and is not so constricted that it could be 
blocked by condensate during a sterilization cycle, 
[0053] Fig. 1 0 illustrates a challenge device 50 which 
is generally similar to the devtee 19 shown in Fig. 4 ex- 
cept that the themnally-lnsulating wall of the tube 2 Is 
surrounded by a plurality of thermally-conductive blocks 

51 located slde-by-stde along the length of the tube. As 
In Fig. 4. the challenge device 50 Is provided with a sur- 
rounding outer casing 25 which is shown, in Fig. 10, as 
being open-ended but which, In use, would be provided 
with an end plate corresponding to the end cap 23 of 
Fig. 4 to provide a hermetic seal. Only the closed end 

52 of the tube 2 is visible In Fig. 10. Access to the bore 
3 within the tube 2 Is provided through an end plate 53 
which surrounds the open end of the tube and supports 
both the thermally-conductive blocks 51 and the outer 
casing 25. An optional thermally-insulating cylinder 64 
of open-cell foam material may be located around the 
thermally-conductive blocks 51 , inside the outer casing 
25. 

[0054] The constmction of the device 50 (in particular 
the construction of the tube 2 and the blocks 51 ) will now 
be described in greater detail with reference to Figs. 1 1 
and 1 2 which show a portion only of the device, towards 
the closed end of the tube 2. The block 51 immediately 
adjacent the closed end 52 of the tube 2 is shown re- 
moved in Fig. 1 1 and has been omitted completely from 
Fig. 12. 

[0055] The bore 3 of the tube 2 (visible In Fig. 12) of 
the circular cross-section but the outer cross-section of 
the tube, except immediately adjacent the closed end 
52, Is square. The themnally-conductive blocks 51, 
which form a heat sink portion of the device, are posi- 
tioned on the square-sectioned part of the tube 2, each 
block being fonmed In two halves 54 having flat Inner 
surfaces 55 corresponding to two of the outer sides of 
the tube. When in position on the tube 2, the two halves 
54 of teach block 51 are held together by two spring clips 
56 which engage In recesses 57 in the outer surfaces 
of the block. The square outer shape of the tube 2 and 
the corresponding shape of the inside of the blocks 51 
provides good thermal contact between the tube and the 
blocks and the spring clips 56 ensure that the good ther- 
mal contact Is maintained while accommodating the dif- 
ferent rates of expansion/contraction of the tube and the 
blocks when the challenge device 50 is in use in a ster- 
ilization chamber. 

[0056] Although the blocks 51 are located slde-by- 
slde along the length of the tube 2, they do not contact 
one another but are spaced apart slightly by thenmally- 
insulatlng O-rings 58 (one of which is visible In Fig. 11 
and 12) located between adjacent blocks. The resulting 
air spaces 59 between the blocks cause the blocks to 



be thenmally-separated from each other and prevent 
heat being transmitted through the blocks along the 
length of the tube 2. When all the blocks 51 are in posi- 
tion on the tube 2, they are secured in place by a circular 
clip 60 (Fig. 10) fitted over the end of the tube adjacent 
the end block. 

[0057] The penultimate block 51 on the tube 2 is 
formed with a circular opening 61 in which a temperature 
sensor, preferably a platinum resistance themnometer, 
(PRT). is located when the challenge device 50 is In use. 
The electrical leads 62 of the temperature sensor can 
be seen in Fig. 10. This temperature sensor replaces 
the temperature sensor 7 of the challenge device 19 of 
Fig. 4 and, unlike that temperature sensor, is not located 
In the bore 3 of the tube 2 but In one of the themnally- 
conductive blocks 51 surrounding the tube adjacent the 
closed end of the latter. Other forms of temperature sen- 
sor could, of course, be used. 
[0058] The challenge devtee 50 can be used in a test 
pack for detemiining the efficacy of a sterilization cycle 
in the same manner as any of the challenge devices de- 
scribed above. In particular, the challenge device 50 can 
be used In a test pack of the type illustrated in Fig. 7 and 
comprising, in addition to the challenge device, a sec- 
ond temperature sensor arranged to measure the tem- 
perature outside the test pack (i.e. in the sterilization 
chamber in which the test pack is located when in use), 
and the electronic circuitry of the test pack which, on the 
basis of the measurements from the temperature sen- 
sors, functions in the manner already described with ref- 
erence to Fig, 7 to determine whether a sterilization cy- 
cle is satisfactory. With a view to use in such a test pack, 
the challenge device 50 Is already provided with a sec- 
ond temperature sensor for measuring the temperature 
outside of the test pack and the electrteal leads 63 of 
that second temperature sensor can be seen In Fig. 1 0, 
extending into the space between the outer casing 25 
and the thennally-conductlve blocks 51 . 
[0059] During a sterilization cycle, steritant can enter 
the bore 3 of the challenge device 50 only through the 
lower (open) end of the tube 2. Because the tube 2 is 
thermally insulated from the heat in the sterilization 
chamber by the airspace within the casing 2 (and by the 
thermally-insulating cylinder 64 when present), and be- 
cause the walls 6 of the bore 3 are fonmed from a ther- 
mally-insulating material, the bore 3 will receive heat pri- 
marily from sterilant entering the bore. As a result, that 
the temperature of the walls 6 will remain below that of 
the sterilization chamber and sterilant which enters the 
bore will condense on the walls 6 and not penetrate im- 
mediately to the end of the bore 3, resulting In an accu- 
mulation of air or non-condensable gas within the bore. 
The challenge device 50, like the other challenge devic- 
es described above, is used in the orientation shown in 
the drawing i.e. with the open end of the bore 3 directed 
downwards so that any condensate which forms within 
the bore during a sterilization cycle can drain away. The 
pocket of air or non-condensable gas which forms within 
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the bore 3 will inhibit the penetration of sterilant to the 
end of the bore and will influence the temperature at the 
dosed end of the tube 2 and in the surrounding thermal- 
ly^onductive blocks 51 . In this respect, It will be noted 
that the blocks 51 are prevented from transmitting heat 
to one another by the presence of the air gaps 59. Ac- 
cordingly, by measuring the temperature of the blocks 
51 at the closed end of the tube 2 in relation to the tem- 
perature within the sterilization chamber, it can be de- 
termined if sterilant has penetrated to the end of the tube 
(indicating that the sterilization cycle has been effective) 
or if a pocket of air or non-condensable gas remains at 
the end of the tube (indicating that the sterilization cycle 
has not been effective). 

[0060] The themially-insulating material from which 
the tube 2 is fomied should be steam tight, and stable 
under the conditions encountered in a sterilization 
chamber. 

[0061] Preferably, the thermally-insulating material is 
a Liquid Crystal Polymer (LCP), most preferably a com- 
plete aromatic copolyester with a 25% by weight graph- 
ite content. The thermally-conductive material from 
which the blocks 51 are fonned is preferably aluminium. 
The O-rings 58 between the blocks may be formed from 
rubber and the outer casing 25 of the device may be 
formed from stainless steel. The tube 2 Is typically about 
115 mm long, with an internal (i.e. bore) diameter of 
about 6 mm and an external dimension of about 10 mm 
square. The blocks 51 are typically about 28 mm square, 
and about 15 mm wide. Six such blocks are used, as 
shown in the drawing, with a spacing 59 of about 1 mm 
between adjacent blocks. Alternatively, a larger number 
of thinner blocks could be used (for example, twelve 
blocks with a width of 7 mm). 

[0062] It will be appreciated that any of the challenge 
devices shown in Figs. 3 to 6 and 10 could be used in 
the test pack of Fig. 7 (rather than the device of Figs. 1 
and 2). Likewise, it is not only the challenge device of 
Fig. 4 that can be used as illustrated in Figs. 8 and 9: 
any of the other challenge devices described could be 
used in that way. 

[0063] Generally, it has been found that challenge de- 
vices of the type shown in the drawings have a some- 
what delayed reaction to the changing conditions that 
exist in a sterilization chamber during a sterilization cy- 
cle. This is believed to be of importance when a chal- 
lenge device is employed in a test pack which issues a 
simple "pass/fair decision on the efficacy of a steriliza- 
tion cycle since the decision will be based on conditions 
in a later stage of the cycle, rather than an initial stage. 
It has been found, particularly when a challenge device 
of the type shown in Fig. 1 0 is used, that a reliable "pass/ 
fail" decision can be made on the basis of temperature 
measurements only and that humidity measurements 
are not essential. This is considered to be advanta- 
geous, given the much wider availability of highly relia- 
ble temperature sensors. Moreover, in the device of Fig. 
10 in particular it has been found that the exact location 



of the sensor is not critical in enabling a reliable "pass/ 
fair decision to be made. 

[0064] Although the challenge devices of Figs. 1 to 6 
and 10 are shown in the orientation which is prefen^ed 

5 because it allows condensate to drain from the bore 3, 
that orientation is not essential. As a further modifica- 
tion, some fomri of moisture-absorbing material may be 
provided on the walls of the bore. 
[0065] Also, although the above description refers to 

10 the challenge devices being located within a sterilization 
chamber for use, that is likewise not essential. Chal- 
lenge devices of the type described above could be lo- 
cated outside a sterilizer (for example, attached to the 
drain line) with the open end 5 of the bore 3 being in 

IS communication through a suitable connection with the 
interior of the sterilization chamber. 



Claims 

20 

1. A sterilant challenge device for use in a sterilizer for 
determining the efficacy of the air removal stage of 
a sterilization cycle, the device comprising a pas- 
sageway (3) which is closed at one end and open 

25 at the other end for the entry of sterilant into the pas- 
sageway, and means (61 ) for mounting a sensor to 
detect the presence of sterilant at a predetermined 
location towards the closed end of the passageway; 
the passageway being formed within a heat sink 

30 (51) which is sunrounded by thermal insulation 
whereby, when the device is in use in a sterilizer, 
the heat sink receives heat preferentially from within 
the passageway, the heat sink being constructed to 
provide a plurality of thermally conductive masses 

33 located lengthwise of the passageway and thermal- 
ly-separated from each other in that direction 
whereby the penetration of sterilant from the open 
end of the passageway to the said predetennined 
location during a sterilization cycle is inhibited by 

40 the accumulation of air and/or non-condensable 
gas within the passageway resulting from the con- 
densation of moisture on the walls of the passage- 
way. 

45 2. A device as claimed in claim 1 , in which the portion 
of the passageway between the opening and the 
predetennined location is free of any physical bar- 
rier to the passage of sterilant and/or air and resist- 
ing blockage due to condensate. 

so 

3. A device as claimed In claim 1 or claim 2, In whrch 
the passageway is the bore in a tube (2) of thermal- 
ly-insulating material, and the thenmally-conductive 
masses comprise themially-conductive blocks lo- 

55 cated around the tube and separated from each oth- 
er by air spaces. 

4. A device as claimed in any one of claims 1 to 3, in 
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which the thermal insulation surrounding the heat 
sink connprises an outer casing which sun-ounds. 
and is separated by an air space from, the heat sink. 

A device as claimed In any one of claims 1 to 4, s 
including a temperature sensor located in one of the 
thermally-conductive masses at, or adjacent, the 
closed end of the passageway, to detect the tem- 
perature in the thermally-conductive mass and 
thereby detect the presence of sterllant In the adja- io 
cent region of the passageway. 

A device as claimed in claim 5, in combination with 
a second temperature sensor positioned to detect 
the temperature in a sterilization chamber In which is 
the device is located. 
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(57) A sterilant challenge device 50, for use in test- 
ing the efficiency of the air removal stage of a steriliza- 
tion cycle in a sterilizer, includes a tube 2 of thermally- 
insulating material, the bore of which is closed at one 
end 52 and open at the other for the entry of sterilant. A 
plurality of thermally-conductive masses 51 are located 
around the tube 2 and thermally-separated from one an- 
other by air gaps 59, and a temperature sensor is locat- 
ed in an opening 61 in one of the masses adjacent the 
closed end of the tube. An outer casing 25 defines an 
air space around the thermally-conductive masses and 
thenmally- insulates the masses from the heat in the ster- 
ilizer. When the challenge device is located in a steriliz- 
er, the penetration of sterilant along the bore of the tube 
2 during a sterilization cycle, is inhibited by the accumu- 
lation of air and/or non-condensable gas within the bore 
resulting from the condensation of moisture on the walls 
of the bore. By measuring the temperature in a thermal- 
ly-conductive mass 51 adjacent the closed end of the 
tube 2. the presence of sterilant in the adjacent region 
of the bore of the tube can be detected. 
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